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Department of Physics, Sundai Preparatory School
1 Newton
Newton $\sim$ 1687, 3 1727.
(materiae vis insita) , , ,
, , . $\cdot\cdot\cdot\cdot\cdot\cdot$ (vis insita)
, (vis inertiae) . $\cdot\cdot\cdot\cdot\cdot\cdot$
(resistenita) (impetus) .
$N$ (vis impressa) , , , ,
.
I , , ,
, .
I , , .
1 , .
I , Newton , (vis inertiae) .
$\Pi$ , , $\Delta(m\vec{v})=\vec{F}\Delta t$ . *1
$\Pi$ 10 ,
, , I I , Newton
(t $+\Delta$ t) $= \vec{v}(t)+\frac{\vec{F}(t)}{m}\Delta t$,
$\Delta\vec{r}(t)=$ PQ $=$ PR $+\vec{RQ}$
$= \vec{v}(t)\Delta t+\frac{\vec{F}(t)}{2m}(\Delta t)^{2}$ .
1 I , 2 .
(vis) , , I .
$\Pi$ , , .
Newton , 1 , $Qarrow P$ $\overline{RQ}/(\Delta t)^{2}$ $F$
(Kepler 2 ) 2 $\Delta$ SPQ $=\overline{SP}X\overline{QT}=2h\Delta t$
, Newton $\overline{SP}^{2}\cross\overline{QT}^{2}/\overline{QR}$ , $P$ $Q$
( 1 6 . 5 . 1) .
, , $m\dot{v}=-kv$ $\Delta(mv)=-kv\Delta t$
, ,
$*1$ Newton (impulse) , , $y_{J}$ .
Maxwell, Matter and Motion (1877) p.32 S D.
1608 2008 1-13 1
( 2 1) .
, . Newton
, Kepler 2 ( ) , 2
( ) ( ) .
$\Pi$ .
2
Leibniz: ( 1 6) .
Varignon : . Kepler .
Leibniz Varignon , . .
Hermann: 2 ,
, . . . .
Hermann , $m\tilde{r}=-m\mu\tilde{r}/r^{3}$
$d^{2}x=- \frac{\mu x}{(x^{2}+y^{2})^{3/2}}dt^{2}$ , $d^{2}y=- \frac{\mu y}{(x^{2}+y^{2})^{3/2}}dt^{2}$ ,
, $dt$ $(x\dot{y}-y\dot{x})dt/2h=(xdy-ydx)/2h$
$d^{2}x=- \frac{\mu x}{(x^{2}+y^{2})^{3/2}}\frac{(xdy-ydx)^{2}}{(2h)^{2}}$ , $d^{2}y=- \frac{\mu y}{(x^{2}+y^{2})^{3/2}}\frac{(xdy-ydx)^{2}}{(2h)^{2}}$.
D.Bemoulli: Hermann 2 . .
, 18 , Newton 3
, n
. ,




: (Mechnica: sive motus scientia analytice exposita)





. [ ] ,
2 $r\iota 8$ Newton 2 ,
. Cannon and Dostrovsky, The Evolution of Dynamics, p.1.
$r_{18}$ , .
















. , . , [ ]
. , [ ] . ,
, , , . ( \S 98)
3 $)$
$(mdu/dt=F_{t},$ $mu^{2}/\rho=F_{n}$ $)$ , $v=u^{2}/2,$ $s=$
, $dx=ds$ , , $F_{t}=mT,$ $F_{n}=mP$ , :
$dv=Tds$ , $2vds=P\rho dx$ . (1)
43
(Recherches sur le mouvemen des corps celestes en g\’eneml)41747(1749),
LEOO, $\Pi_{-}15$ ; . .
, Newton .
3
$\frac{2ddx}{dt^{2}}=\frac{X}{M}$ , $\frac{2ddy}{dt^{2}}=\frac{Y}{M}$ , $\frac{2ddz}{dt^{2}}=\frac{Z}{M}$ . (2)
$X/M,$ $Y/M,$ $Z/M$ (force acce’le’$ratrices$) , 2 Euler (\S 18) .
Euler $\ovalbox{\tt\small REJECT}h$ , 3 , 2
$arrow$ $Newton$ – 3 . *3
, Euler , ,
, $s$ .
, .
Euler , , ,
$*3$ “Newton ” [ ] 1687 [Euler
)$]$ 1749 . Truesdell, Essay in the History Of Mechanics, p.90.
3
,. ,
(Lagrange, Mecanique Analytique, Pt.2, \S 1-3).




(Decouverte d’un nouveau $pr\dot{v}ncipe$ de M\’ecanique)Jl l750(l752),LEOO, -5;
.
1 $)$ $\sim$ :
. (des axiomes)
. [
] (des corps infiniment petit) ,
, . ,
, . ( \S 18)




, . ( \S 19)
2 $)$ 3 , :





$P$ . $dt$ , $dt$ $x+dx$ , $P$
$2Mddx=\pm Pdt^{2}$ . ( \S 20)
[ ] .
. ,
2$Mddx=Pdt^{2}$ , 2 $Mddy=Qdt^{2}$ , $2Mddz=Rdt^{2}$ . (3)
. ( Jl \S 22) ( (2) . )
, (C’est cette formule seule, qui renferme tous
les principes de la m\’ecanique ). $\rfloor$ $($ JI \S 20 $)^{*4}$
$*4$ Newton $\vec{F}=m\vec{a}$ , “
” , TYuesdell, An Idiot’s Pugative Essays on Science, P.317.
4
,. ( \S 23)
, Euler ,
, (un nouveau principe de m\’ecanique)
, . *5
6 Euler Newton
1. $)$ Newton I I
, $P=0,$ $Q=0,$ $R=0$ , [
(3) 3 ] , $dt$ , , :
$Mdx=Adt$ , $Mdy=Bdt$ , $Mdz=Cdt$ . (4)
, . [
(3) $]$ , , , ,
[ ] . ( \S 23)
$M$ , $[(2)]$
$ddx=0$ , $ddy=0$ , $ddz=0$
, $dt\ovalbox{\tt\small REJECT} 3$; , ,
$dx/dt=a$, $dy/dt=b$ , $dz/dt=0$
,
$x=at+\alpha$ , $y=bt+\beta$ , $z=ct+\gamma$ . (5)
, , .
. ( \S 20)
Newton I( ) , Euler




, Euler , (vis inertiae) .
(Anleitung zur Natu$rlehre$ ) $4$ 1750 (1862),LEOO, m-l; .
(Tr\"agheit) (Kraft) ,
, . , ,
. , .
(\S 31)
$*5$ , Newton .
, ,
. Tmesdell, Idiot’s Fugitive Essays on Science, p.321.
5
(Lettres \‘aune Princesse $d’ Allemagne$) $1760- 2(1768)LEOOmarrow 11,12$.
,
, .
(la nature des corps) , ,




, , . (\S 30)
[ ] ,
[ ] (\S 77)
,
, ,




(\S 73) , Euler 3
$Mdu=nPdt$ , $Mdv=nQdt$ , $Mdw=nRdt$ (6)
( $n$ 1/2 ).
, $(\alpha, \beta, \gamma)$ ,
$(u-\alpha, v-\beta, w-\gamma)$ . ( )
$P’= \frac{M}{n}\frac{d}{dt}(u-\alpha)=P-\frac{M}{n}\dot{\alpha},$ $Q’= \frac{M}{n}\frac{d}{dt}(v-\beta)=Q-\frac{M}{n}\dot{\beta},$ $R’= \frac{M}{n}\frac{d}{dt}(w-\gamma)=R-\frac{M}{n}\dot{\gamma}$ .
, $\alpha,$ $\beta,$ $\gamma$ , $P’=P,$ $Q’=Q,$ $R’=R$ .
, $y_{J}$
, , . (\S 81)
[ ] , $\cdot\cdot\cdot\cdot\cdot\cdot$
, , $\lambda$
. (\S 82) .
7 : Euler
1 $)$ $\sim$
(Scientia Navalis) $1737- 40$ (1749)LEOO, II-18.
,
(\S 122) , (\S 128) .
, $($ momentum inertiae’ Hyugens
, Euler ),
6
(\S 140, \S 160) .








, , $(\nu, \mu, \lambda)$ .
. Euler ( ) ,
( ) $(x, y, z)$ , :
$u=y\lambda-z\mu$ , $v=z\nu-x\lambda$ , $w=x\mu-y\nu$ .
$\vec{\omega}=-(\nu, \mu, \lambda)$ , $\vec{r}=(x, y, z)$
$r^{arrow}=\vec{v}=\vec{\omega}\cross r^{arrow}$ . $\vec{v}=\vec{\omega}\cross\vec{r}+\vec{\omega}\cross r^{arrow}=\vec{\omega}\cross r^{arrow}+\vec{\omega}\cross(\vec{\omega}\cross\vec{r})$.
, $dM$
$d \vec{F}=dM\{\frac{d\vec{\omega}}{dt}\cross\vec{r}+\vec{\omega}\cross(\tilde{\omega}\cross\vec{r})\}$ . (7)
3 $)$ $\sim$
, $\int xdM=\int ydM=\int zdM=0$ ,
$0$ , $\vec{F}=\int d\vec{F}$ $0$ (Euler
– – , ).
[ ] , $\lambda$ 3
. (\S 46)
$\tilde{N}=/r^{arrow}\cross d\vec{F}=/dM\{r^{arrow}\cross\frac{d\vec{\omega}}{dt}\cross\vec{r}+\vec{r}\cross\vec{\omega}\cross(\tilde{\omega}\cross\vec{r})\}$ . (8)
$\hat{I}$
$I_{11}=/dM(y^{2}+z^{2})$ , $I_{22}=/dM(z^{2}+x^{2})$ , $I_{33}=/dM(x^{2}+y^{2})$ ,
$I_{12}=I_{21}=-/dMxy$ , $I_{23}=I_{32}=-/dMyz$ , $I_{31}=I_{13}=-/dMzx$ ,
, :
N $=$ I$\omega$ $+\vec{\omega}\cross\hat{I}\vec{\omega}$ . (9)
( Euler. Euler $I_{11}$ $Mff,$ $I_{12}$ $-Mll$ ,
Euler .)
$*6$ , $[m\dot{v}=F]$ ( $=N]$
, Euler , Euler




4 $)$ Euler ( ) Euler
$\beta$ $(Du$ mouvement d’un corps solide quelconque lorsqu’il
toume autour d’un axe mobile) $]$ 1751 (1767)LEOO, $\Pi- 8$ .
. Euler .
(Recherches sur la connaissance mecanique des $corps$) $41758(1765),LEOO$, -8.
. ( Halle JASegner 1755 . )
[i:. $(Du$ mouvement de rotation des corps solides autour d’un
axe $va’\dot{\tau}able)41758(1765)LEOO$, II-8.
( $A,$ $B,$ $C$ )
( Euler ) (\S 21) :
$N_{x}=A\dot{\omega}_{1}+(C-B)\omega_{2}\omega_{3}$ , $N_{y}=B\dot{\omega}_{2}+(A-C)\omega_{3}\omega_{1}$ , $N_{z}=C\dot{\omega}_{3}+(B-A)\omega_{1}\omega_{2}$ . (10)
, (Euler )
, (Teoria motus corpomm solidorum seu rigidomm) (LEOO,
D-3,4) 1765 .
8
( $P;\dot{\tau}ncipes$ g\’eneraux de l’etat d’equilibre des fluides) ,
( $P$ ncipes g\’en\’eraux $du$ mouvement des fluides) ,
(Continuation des recherches sur la th\’eo $edu$ mouvement des fluides)














. ([ 2 \S 1)
( ) Euler .
3 $)$ ( 1 4 \S 22, 2 \S 6-10, JJ \S 152,155.)
8
3 . , 3 OAB, OBC, OCA ,
OA, OB, OC $x$ , $y$ , $z$ . $Z$ , $Z_{L}$ OAB
$Y,$ $Y$ OCA X , $z$ :




$u=u(t, x, y, z)$ ,
$v=v(t, x, y, z)$ ,
$w=w(t, x, y, z)$ ,
$p=p(t, x, y, z)$ $q=q(t, x, y, z)$
, .
, , $Z$ , $Z$ OA $(x$ $)$ $dx$ ZP, OB $(y$ $)$
$dy$ ZQ, OC $(z$ $)$ $dz$ Z $R$ , 3 $dV=dxdydz$
( 3 ZPQRrqpz) , .
4 $)$ ( 2 \S 11-17, \S 156)
$dt$ $Z=(x, y, z)$ $Z’=(x+udt, y+vdt, z+wdt)$ , $P$
$P=(\begin{array}{l}x+dxyz\end{array})$ $arrow$
$P’=(\begin{array}{l}x+dx+u(x+dx,y,z,t)dty+v(x+dx,y,z,t)dtz+w(x+dx,y,z,t)dt\end{array})=(\begin{array}{ll}x+dx+udt+ \partial_{x}udxdty+vdt+ \partial_{x}vdxdtz+wdt+ \partial_{x}wdxdt\end{array})$




, 3 6 . $dt$ 1
$dV’=dxdydz(1+ \frac{\partial u}{\partial x}dt)(1+\frac{\partial v}{\partial y}dt)(1+\frac{\partial w}{\partial z}dt)=dV(1+\frac{\partial u}{\partial x}dt+\frac{\partial v}{\partial y}dt+\frac{\partial w}{\partial z}dt)$ .
, $q=q(t, x, y, z)$ $dt$
$q’=q(t+dt, x+udt, y+vdt, z+wdt)=q+ \frac{\partial q}{\partial t}dt+\frac{\partial q}{\partial x}udt+\frac{\partial q}{\partial y}vdt+\frac{\partial q}{\partial z}wdt$.
9
, , $q’dV’=qdV$ ,
$(q+ \frac{\partial q}{\partial t}dt+\frac{\partial q}{\partial x}udt+\frac{\partial q}{\partial y}vdt+\frac{\partial q}{\partial z}wdt)dV(1+\frac{\partial u}{\partial x}dt+\frac{\partial v}{\partial y}dt+\frac{\partial w}{\partial z}dt)=qdV$
( , $\vec{v}=(u,$ $v,$ $w)$ )
$\frac{\partial q}{\partial t}+\frac{\partial q}{\partial x}u+\frac{\partial q}{\partial y}v+\frac{\partial q}{\partial z}w+q\frac{\partial u}{\partial x}+q\frac{\partial v}{\partial y}+q\frac{\partial w}{\partial z}=0$ ,
i.e. $\frac{\partial q}{\partial t}+\frac{\partial(qu)}{\partial x}+\frac{\partial(qv)}{\partial y}+\frac{\partial(qw)}{\partial z}=0$, $( \frac{\partial q}{\partial t}+\nabla\cdot(qv\gamma=0)$ . (11)
5 $)$ ( 2 \S 19, Jl \S 157)
$Z$
$u(t,x, y, z) arrow u(t+dt, x+udt, y+vdt, z+wdt)=u+(\frac{\partial u}{\partial t}+\frac{\partial u}{\partial x}u+\frac{\partial u}{\partial y}v+\frac{\partial u}{\partial z}w)dt$,
$v(t,x, y, z) arrow v(t+dt, x+udt, y+vdt, z+wdt)=v+(\frac{\partial v}{\partial t}+\frac{\partial v}{\partial x}u+\frac{\partial v}{\partial y}v+\frac{\partial v}{\partial z}w)dt$ ,
$w(t, x, y, z) arrow w(t+dt, x+udt,y+vdt, z+wdt)=u+(\frac{\partial w}{\partial t}+\frac{\partial w}{\partial x}u+\frac{\partial w}{\partial y}v+\frac{\partial w}{\partial z}w)dt$,
$( \vec{v}(t^{arrow}r)arrow\tilde{v}(t+dt,\vec{r}+\vec{v}dt)=\vec{v}+\frac{\partial\vec{v}}{dt}dt+(\vec{v}\cdot\nabla)\vec{v}dt)$
,
$X= \frac{\partial u}{\partial t}+\frac{\partial u}{\partial x}u+\frac{\partial u}{\partial y}v+\frac{\partial u}{\partial z}w$ ,
$Y= \frac{\partial v}{\partial t}+\frac{\partial v}{\partial x}u+\frac{\partial v}{\partial y}v+\frac{\partial v}{\partial z}w$,
$Z= \frac{\partial w}{\partial t}+\frac{\partial w}{\partial x}u+\frac{\partial w}{\partial y}v+\frac{\partial w}{\partial z}w$, $( \frac{d\vec{v}}{dt}=\frac{\partial\vec{v}}{\partial t}+(ff. \nabla)\vec{v})$ .
6 $)$ (Euler ) ( 2 \S 20-24, \S 153,157,158)
, , $x,$ $y,$ $z$ $P,$ $Q$
) R.
. $x$
$p(t, x, y, z)dydz-p(t, x+dx, y, z)dxdydz=- \frac{\partial p}{\partial x}dxdydz=-\frac{\partial p}{\partial x}dV$ . (12)
( , 1 \S 6.)
, $dM=qdV$ $x$
$dMP- \frac{\partial p}{\partial x}dxdydz=dMX=dM(\frac{\partial u}{\partial t}+\frac{\partial u}{\partial x}u+\frac{\partial u}{\partial y}v+\frac{\partial u}{\partial z}w)$ .
, , :
$P- \frac{1}{q}\frac{\partial p}{\partial x}=\frac{\partial u}{\partial t}+\frac{\partial u}{\partial x}u+\frac{\partial u}{\partial y}v+\frac{\partial u}{\partial z}w$, (13)
$Q- \frac{1}{q}\frac{\partial p}{\partial y}=\frac{\partial v}{\partial t}+\frac{\partial v}{\partial x}u+\frac{\partial v}{\partial y}v+\frac{\partial v}{\partial z}w$, (14)
$R- \frac{1}{q}\frac{\partial p}{\partial z}=\frac{\partial w}{\partial t}+\frac{\partial w}{\partial x}u+\frac{\partial w}{\partial y}v+\frac{\partial w}{\partial z}w$, $(f^{arrow}- \frac{\nabla p}{q}=\frac{\partial\theta}{\partial t}+(\theta\cdot\nabla)\vec{v})$ . (15)
10
, 250 Euler . *7
[ 3 ] ,
[ ], (1’\’elasticit\’e[ ]) $p$ $q$ , $q$
$r$ [ ] ,
. ( 2 \S 21)
Euler , (13) (14) (15) $dx,$ $dy,$ $dz$ .
$\frac{\partial p}{\partial x}dx+\frac{\partial p}{\partial y}dy+\frac{\partial p}{\partial z}dz=dp$
, ( 3 \S 15 $\lceil$ $p$ ) :
$Pdx+Qdy+Rdz-=Xdx+Ydy+Zdz\underline{dp}$
$q$
$=+ \frac{\partial u}{\partial t}dx+\frac{\partial u}{\partial x}udx+\frac{\partial u}{\partial y}vdx+\frac{\partial u}{\partial z}wdx$
$+ \frac{\partial v}{\partial t}dy+\frac{\partial v}{\partial x}udy+\frac{\partial v}{\partial y}vdy+\frac{\partial v}{\partial z}wdy$
$+ \frac{\partial w}{\partial t}dz+\frac{\partial w}{\partial x}udz+\frac{\partial w}{\partial y}vdz+\frac{\partial w}{\partial z}wdz$ . (16)
, ,
$((11)(16)]$ , . ( \S 158)
. (
) , ,
. ( 2 1 \S 25)
, [(11) (16)1 .
, ,
. ( 2 \S 68)
7 $)$ ( 1 \S 28-32, $\beta$ 3 \S 16, \S 153,154)
$X=Y=Z=0$ , $q(Pdx+Qdy+Rdz)=dp$ . $q(Pdx+Qdy+Rdz)$
, ( 1 $i$ \S 28) :
$\frac{\partial(qP)}{\partial y}=\frac{\partial(qQ)}{\partial x}$ , $\frac{\partial(qQ)}{\partial z}=\frac{\partial(qR)}{\partial y}$ , $\frac{\partial(qR)}{\partial x}=\frac{\partial(qP)}{\partial z}$ . (17)
$q$ $p$ , $dp/q$ $\int dp/q$ ..... $Pdx+Qdy+Rdz$
. $P,$ $Q,$ $R$ , $\int Pdx+Qdy+Rdz$
(Wirksamkeita) .
. . ( \S 154)
, , ( ) .
8 $)$ (16) ( 2 \S 26-27)
, , $t$ .
$*7$ $Euler$ , . $\cdot\cdot\cdot\cdot\cdot\cdot$ (
) Euler J .
Darrigol, Worlds of Flow,p.25.
11
Euler , $\beta$ , $Pdx+Qdy+Rdz$
$Pdx+Qdy+Rdz=dS$, (18)
.
Euler 2 , $udx+vdy+wdz$ .
$\frac{\partial u}{\partial y}=\frac{\partial v}{\partial x}$ , $\frac{\partial u}{\partial z}=\frac{\partial w}{\partial x}$ , $\frac{\partial v}{\partial z}=\frac{\partial w}{\partial y}$ (19)
. (16)
$dS- \frac{dp}{q}=u(\frac{\partial u}{\partial x}dx+\frac{\partial u}{\partial y}dy+\frac{\partial u}{\partial z}dz)$
$+v( \frac{\partial v}{\partial x}dx+\frac{\partial v}{\partial y}dy+\frac{\partial v}{\partial z}dz)$
$+w( \frac{\partial w}{\partial x}dx+\frac{\partial w}{\partial y}dy+\frac{\partial w}{\partial z}dz)$
$=udu+vdv+wdw=d \frac{1}{2}(u^{2}+v^{2}+w^{2})$ (20)
, $q$ , (fort belle solution) .
, $[udx+vdy+wdz$ $]$
, . ,
( 2 \S 29) .
9. $)$ Bernoulli ( 3 \S 21-24, Jl \S 159)
3 .
$dx=udt,$ $dy=vdt,$ $dz=wdt$
$udy=vdx$ , $vdz=wdy$ , $wdx=udz$ .
, , (19) , (16) (20) .
$\frac{1}{2}(u^{2}+v^{2}+w^{2})-S+/\frac{dp}{q}=$ Const. (21)
$(q$ $-$ $)$ , $t)1$ $j]$ , $P=Q=0,$ $R=-g$ , $S=-gz$
,
$\frac{q}{2}(u^{2}+v^{2}+w^{2})+qgz+p=$ Const. (22)
Euler Bernoulli , Bernoulli .
Daniel Bemoulli , , ,
Bernoulli . ,
, Euler .*8
$*8$ [ 3] , “ Bernoulli ., .iTruesdell,
LEOO $\mathbb{I}- 12$ ,






. [ $D$ J]Bemoulli, Clairaut, d’Alembert
, ,
, ,
. ( 3 \S 1)
, d’Alembert , 2
$\searrow$ ,
. , ,
. ( 3 \S 18)
9
Newton , 3
2 – Newton –
, Euler . , , Newton
Euler . Euler .






– (le axiome sur lesquels toute la doctrine de mouvement
est \’etabile) $\rfloor$ – , , , .
, ,
. , ,
, , Euler .
, Euler ,
, 250 . Dugas [Euler





, , Euler , (Euler-Lagrange )
, , , Lagrange
. ( $B$ ) .
13
